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Abstract

Introduction: The aim of this study was to determine
the mesiodistal and buccolingual diameter, apical
volume, and the presence of isthmuses at the apical
level of mesial root canals of mandibular molars.
Methods: Sixty extracted first and second mandibular
molars were scanned by using a SkyScan 1076 micro–
computed tomography system with a voxel size of 18
mm. The apical thirds of the samples were reconstructed
to allow a perpendicular section of the apical third by
using the multiplanar reconstruction tool of the OsiriX
software. The mesiodistal and the buccolingual
distances of root canals were measured between the
1- to 4-mm levels. The type of root canal isthmuses
present at these levels was classified by using modified
criteria of Hsu and Kim. The volume of the root canal
anatomy between the 1- to 3-mm apical levels was ob-
tained by using the CTAN-CTVOL software. Results: The
medians of the mesiodistal diameter at the 1-, 2-, 3-,
and 4-mm levels in the mesiobuccal and mesiolingual
canals were 0.22 and 0.23 mm, 0.27 and 0.27 mm,
0.30 and 0.30 mm, and 0.36 and 0.35 mm, respectively.
The buccolingual lengths at the 1-, 2-, 3-, and 4-mm
levels were 0.37–0.35 mm, 0.55–0.41 mm, 0.54–0.49
mm, and 0.54 and 0.60 mm, respectively. The presence
of isthmuses was more prevalent at the 3- to 4-mm
level. However, 27 cases presented complete or incom-
plete isthmuses at the 1-mm apical level. The mean of
the volume of the apical third was 0.83 mm3, with
a minimum value of 0.02 and a maximum value of 2.4
mm3. Conclusions: Mesial root canals of mandibular
molars do not present a consistent pattern. A high vari-
ability of apical diameters exists. The presence of isth-
muses at the apical third was not uncommon even at
the 1-mm apical level. (J Endod 2011;-:1–5)
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Knowledge of the dimensional variations of complex root canal systems such as those
in mesial roots of mandibular molars is indispensable to support clinical decisions

during endodontic procedures. Anatomical knowledge includes distinguishing the
presence of isthmuses during surgical or nonsurgical treatment (1, 2) and an
appropriate determination of the apical anatomical diameter (3). These anatomical
variables cannot be determined in the typical radiographic exam taken before treatment
and can compromise the cleaning and shaping procedure of endodontic treatment,
which decreases the success rate because of the infectious characteristics of apical pe-
riodontitis.

Previous studies have described the apical diameter of internal anatomy of several
groups of teeth (3–5). Adequate apical diameter determination is only reliable if the
cross sections are taken perpendicular to the long axis of the root canal (6). However,
the determination of the apical diameter in curved root canals such as mesial root
canals of mandibular molars can be difficult with this method. At least 3 limitations
to performing adequate cross sections are identified. (1) The root canal foramen is
not always present at the anatomical root apex (7, 8); consequently, the root canal
curvature in the last apical millimeter does not always resemble the trajectory of the
external anatomy. (2) Mandibular molars present multiplanar curvatures in 100% of
cases in bothmesiodistal and buccolingual directions (9). (3) Themain apical foramen
of the buccal and lingual canals can be present at different levels, whichmakes it difficult
to find an exact section at the same level for both canals. In addition, the presence of
isthmuses is not uncommon (10), and these data have not been reported in previous
studies that addressed the canal diameter determination (4). The concept of enlarging
the root canal by using 3 larger files to eliminate the infected dentin at the total circum-
ference might not be applicable when an isthmus is present. Consequently, it is not clear
what percentage of root canal walls of mandibular molars can be appropriately
enlarged by mechanical means, especially at the apical third.

Micro–computed tomography (micro-CT) is a nondestructive technology that is
useful to evaluate the apical diameter of mandibular molars in which 2 canals are
present, because the sections can be nondestructively reoriented in several ways to
gain a perpendicular section for each canal in both planes. In addition, the apical
volume of the root canals including fins and isthmuses can be properly quantified by
using dedicated software (11), and the results can be compared with the volume of
endodontic instruments (12).
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Apical volume and percentage of untreated surfaces after rotary

instrumentation are variables that have been extensively studied by
using micro-CT technology in maxillary molars (13). However, the
apical volume in mandibular molars before instrumentation proce-
dures has not been extensively studied except for 2 previous studies
that reported the total volume of this root canal system (14, 15).

Accuracy of micro-CT linear and volumetric measurements on ex-
tracted teeth has been previously reported (16–18). Therefore, a more
reliable determination of the apical diameter could be expected in
comparison to previous studies that used horizontal cross sections.
To date, there is no report addressing the apical diameter of
mandibular molars by using micro-CT. The aim of this study was to
determine the mesiodistal and buccolingual diameter, apical volume,
and the presence of isthmuses at the apical level of mesial root canals
of mandibular molars.
Materials and Methods
Sixty extracted first and second mandibular molars with curva-

tures between 20� and 35� and 19- to 21-mm length were selected
(19). The teeth were extracted for extensive caries or coronal fractures,
and ethical requirements for the use of extracted teeth were followed
(CEP 131-2010). After extraction, the teeth were immediately stored
in 10% formalin solution.

The samples were scanned by using a micro-CT system (Skyscan
1076, Kontich, Belgium) with a voxel size of 18 mm. The complete
Figure 1. (A) Mesiodistal diameter distribution of values found at 1- to 4-mm apic
apical levels. The median and 25th–75th percentile of canal diameters are also show
60 samples. Values are expressed in mm3. The median and 25th–75th percentile are
the categories studied. MB, mesiobuccal; ML, mesiolingual; SM, single mesial cana
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‘‘stack’’ was exported as TIFF files and then imported to the OsiriX soft-
ware (http://www.osirix-viewer.com). This software has been used
previously for measurements of micro-CT data of hominin fossil teeth
(20). Appropriate calibration of the voxel size was performed to allow
posterior measurements. Then the apical thirds of the samples were re-
constructed to allow a perpendicular section of each mesial root canal
at the 1- to 4-mm apical third levels according to Weiger et al (6). For
this purpose the multiplanar reconstruction tool of the OsiriX software
was used. The mesiodistal and buccolingual distances of the mesial
canals were calculated by using the measurement tool of the OsiriX soft-
ware, and the results were expressed in micrometers. Buccolingual
distances were measured when an isthmus was not present or when
an incomplete isthmus did not cross the middle line of the root. To
confirm the accuracy of the measurements, an object with a known
geometry (ProTaper F2 instrument; Dentsply-Maillefer, Baillagues,
Switzerland) was scanned by using the described protocol. The instru-
ment was sectioned at the 21-mm level by using an IsoMet (Buehler,
Lake Bluff, IL) saw machine, and the expected diameter of the instru-
ment (1.2 mm) was verified by using a stereomicroscope (Stemi
2000C; Carl Zeiss, Jena, Germany) and the Axiovision software (Carl
Zeiss) at 40�; the measurement was compared with themicro-CT value
found by using the OsiriX software.

The type of root canal isthmus present at the 1- to 4-mm levels was
classified by 2 independent evaluators by using the criteria of Hsu and
Kim (21). In Type I, there are 2 or 3 canals with no notable communi-
cation. In Type II, there are 2 canals with a connection between the 2
al levels. (B) Buccolingual diameter distribution of values found at 1- to 4-mm
n. (C) Distribution of apical volumes found between the 1- and 3-mm levels in
also shown. (D) Distribution of isthmuses found at 1- to 4-mm apical levels in
l.
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main canals. Type III differs from Type II because of the presence of 3
canals instead of 2 canals. In Type IV, canals extend to the isthmus area.
Type V is defined as a true connection or corridor throughout the
section. Incomplete isthmuses were classified as Type Ia. The apical
volume between the 1- to 3-mm apical levels was determined by using
the CTAN-CTVOL software, and the data were expressed in mm3. Eval-
uations were made using descriptive statistics. Isthmus data were
analyzed by the c2 test at a confidence level of P < .05.

Results
No differences were found for the stereomicroscope andmicro-CT

measurements of the evaluated endodontic instrument.
The presence of complete (Types II–V) and incomplete isthmuses

(Ia) was a common finding at all the evaluated levels in 20 and 7 cases at
the 1-mm level, 28 and 5 cases at the 2-mm level, 36 and 7 cases at the 3-
mm level, and 37 and 4 cases at the 4-mm level, respectively, but the pres-
ence was statistically significant at the 3- and 4-mm levels in comparison
to the 1-mm level (Fig. 1) (P< .05). For the buccolingual diameter deter-
mination, 3 incomplete isthmuses were found across the middle line of
the mesial root at the 1-mm level, 3 at the 2-mm level, 6 at the 3-mm level,
and 3 at the 4-mm level. These cases and types II–V isthmuses were
excluded for the determination of the buccolingual diameter. Buccolin-
gual diameter determination was possible in 37, 29, 18, and 20 cases at
the 1-, 2-, 3-, and 4-mm levels, respectively. The medians, 25th–75th
percentiles, and distribution of the values corresponding to the mesiodis-
tal and buccolingual diameters are presented in Figure 1.

The median of apical volume was 0.72 mm3, with a range of 0.03–
2.41mm3. The 25th–75th percentile was 0.48–1.08mm3, and themean
Figure 2. Tridimensional reconstructions and micro-CT sections of the studied sa
studied between 1- to 2-mm and 2- to 3-mm levels is represented by different col
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was 0.83mm3. Representative pictures of the internal anatomy of repre-
sentative samples are shown in Figure 2.

Discussion
The study of the dimensions of the internal anatomy of teeth has

been a challenge since the studies of Kuttler (22) and Kerekes and Tro-
stand (4). Although conventional radiographs used during clinical
procedures can show important details such as the number of root
canals, the severity of the root canal curvature, or the presence of calci-
fications, periapical x-rays are bidimensional images and do not
provide enough details of the internal anatomy. For this reason anatom-
ical studies are necessary to guide clinicians to achieve better cleaning
of the root canals.

Previous studies (1, 10) and a recent systematic review (23)
showed a high incidence of isthmuses in mandibular molars between
the 2-mm and 4-mm levels. Those data are in agreement with the results
of this study. However, an important point not fully addressed by previous
studies addressing the apical diameter determination is that when
a complete or incomplete isthmus is present, it is impossible to determine
an exact buccolingual diameter. The aim of manual or rotary instrumen-
tation is to enlarge the apical third for an appropriate irrigation to ensure
the placement of medicaments and finally to facilitate filling procedures
(24). It was found that in 23 cases the apical diameter could not be deter-
mined at the 1-mm apical level because of the presence of complete or
incomplete isthmuses. Previous studies have shown that buccal and
lingual areas of flattened root canals with or without isthmus cannot
be completely reached by rotary instruments or filled appropriately (2,
25–27). Histologic and micro-CT studies have also found it difficult to
mples at the 1- to 3-mm levels (bar represents 1 mm). The volume of interest
ors (A–D). A great variability of the internal root canal anatomy is observed.
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instrument fully the root canal walls of maxillary molars after the use of
rotary instruments (13, 28, 29). The large diameter found in the root
canals at the 2- to 4-mm levels emphasizes that complete instrumentation
of oval canals would lead toweakening of the roots, with orwithout rotary
preparation techniques. The results of previous studies that addressed
the cleaning of root canal isthmuses in mandibular molars lead us to
the deduction that apical cleaning is also a function of the dissolution
properties of sodium hypochlorite (30–32).

An important topic is advancing age of the patient at the moment of
the extraction. By using micro-CT data, Gu et al (33) found that the isth-
muses were more constricted mesiodistally with age (>60 years). Also,
the incidence of isthmuses was lower in the patients older than 60 years
when it was compared with molar teeth of a group of 20- to 39-year-old
patients. The limitation of unknown age of the sample used in this study
might affect the clinical extrapolation of the data. On the other hand,
a previous study (5) failed to show a correlation between the apical
diameter of maxillary molars and age. Clinical research has shown
that isthmuses in mandibular molars are highly associated with failure
of endodontic treatment (2, 34, 35). The presence of bacterial biofilms
at the apical third after endodontic treatment has also been confirmed in
these anatomical irregularities (35, 36). The apical diameter results
found in this study are in agreement with previous reports that used
fewer numbers of samples (3, 4).

The apical volume of the root canal system between 1- to 3-mm
levels that was measured in this study can give an approximate idea
of the amount of dentin that can be removed by the instrumentation
process. Considering that shaping procedures are usually performed
1 mm beyond the apical foramen (27), the volume of an instrument
between D0 and D2 can be calculated by using previous reported
values (12). By using micro-CT data, Grande et al (12) measured
the volume of nickel-titanium rotary instruments (Mtwo; VDW, Mu-
nich, Germany. ProTaper; Dentsply, Ballaigues, Switzerland). The
values found between D0 and D2 for 2 instruments (1 for each
mesial canal) were calculated as the following: 25.06 (0.12 mm3),
25.08 (0.19 mm3), 30.09 (0.26 mm3), 35.04 (0.23 mm3), and
40.04 (0.29 mm3). Considering the continuous rotation of rotary
instruments, the data can also be calculated by using the formula
of the truncated cone, when knowing the radius of the base, the
radius of the top, and the height V = (p � h O 3) � (R2 + r2

+ R � r). With this formula, theoretically the volume between D0
and D2 of 2 instruments was calculated as 25.06 (0.30 mm3),
25.08 (0.34 mm3), 35.04 (0.48 mm3), and 40.04 (0.60 mm3).
Our results showed a mean of the apical volume of 0.83 mm3 and
a median of 0.72 mm3. Hypothetically, this discrepancy between
the apical volume of instruments used for cleaning and shaping
process and preoperative apical root canal volume of the studied
samples shows that mesial root canals of mandibular molars can
be a challenge to obtain proper root canal cleaning (27).

It can be concluded that mesial root canals of mandibular molars
do not follow a consistent pattern. There was a high variability of apical
diameters, but they were generally large, especially in the buccolingual
dimension. The presence of isthmuses at the apical third was not
uncommon even at the 1-mm apical level.
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4 Villas-Bôas et al.
References
1. Teixeira FB, Sano CL, Gomes BP, Zaia AA, Ferraz CC, Souza-Filho FJ. A preliminary

in vitro study of the incidence and position of the root canal isthmus in maxillary and
mandibular first molars. Int Endod J 2003;36:276–80.

2. von Arx T. Frequency and type of canal isthmuses in first molars detected by endo-
scopic inspection during periradicular surgery. Int Endod J 2005;38:160–8.

3. Wu MK, R’Oris A, Barkis D, Wesselink PR. Prevalence and extent of long oval canals
in the apical third. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;89:
739–43.

4. Kerekes K, Tronstad L. Morphometric observations on the root canals of human
molars. J Endod 1977;3:114–8.

5. Gani O, Visvisian C. Apical canal diameter in the first upper molar at various ages.
J Endod 1999;25:689–91.

6. Weiger R, Bartha T, Kalwitzki M, L€ost C. A clinical method to determine the optimal
apical preparation size: part I. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;102:686–91.

7. Burch JG, Hulen S. The relationship of the apical foramen to the anatomic apex of
the tooth root. Oral Surg Oral Med Oral Pathol 1972;34:262–8.

8. Gutierrez JH, Aguayo P. Apical foraminal openings in human teeth: number and
location. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:769–77.

9. Cunningham CJ, Senia ES. A three-dimensional study of canal curvatures in the
mesial roots of mandibular molars. J Endod 1992;18:294–300.

10. Mannocci F, Peru M, Sherriff M, Cook R, Ford TRP. The isthmuses of the mesial root
of mandibular molars: a micro-computed tomographic study. Int Endod J 2005;38:
558–63.

11. Rhodes JS, Ford TR, Lynch JA, Liepins PJ, Curtis RV. Micro-computed tomography:
a new tool for experimental endodontology. Int Endod J 1999;32:165–70.

12. Grande NM, Plotino G, Pecci R, Bedini R, Malagnino VA, Somma F. Cyclic fatigue
resistance and three-dimensional analysis of instruments from two nickel-
titanium rotary systems. Int Endod J 2006;39:755–63.

13. Paqu�e F, Ganahl D, Peters OA. Effects of root canal preparation on apical geometry
assessed by micro-computed tomography. J Endod 2009;35:1056–9.

14. Rhodes JS, Ford TRP, Lynch JA, Curtis RV. A comparison of two nickel-titanium
instrumentation techniques in teeth using microcomputed tomography. Int Endod
J 2000;33:279–85.

15. Gekelman D, Ramamurthy R, Mirfarsi S, Paque F, Peters OA. Rotary nickel-titanium
GT and ProTaper files for root canal shaping by novice operators: a radiographic
and micro-computed tomography evaluation. J Endod 2009;35:1584–8.

16. Peters OA, Laib A, Ruegsegger P, Barbakow F. Three-dimensional analysis of root canal
geometry by high-resolution computed tomography. J Dent Res 2000;79:1405–9.

17. Kim I, Paik KS, Lee SP. Quantitative evaluation of the accuracy of micro-computed
tomography in tooth measurement. Clin Anat 2007;20:27–34.

18. Jung M, Lommel D, Klimek J. The imaging of root canal obturation using micro-CT.
Int Endod J 2005;38:617–26.

19. Schneider SW. A comparison of canal preparations in straight and curved root
canals. Oral Surg Oral Med Oral Pathol 1971;32:271–5.

20. Bermudez de Castro JM, Martinon-Torres M, Prado L, et al. New immature hominin
fossil from European Lower Pleistocene shows the earliest evidence of a modern
human dental development pattern. Proc Natl Acad Sci 2010;107:11739–44.

21. Hsu YY, Kim S. The resected root surface: the issue of canal isthmuses. Dent Clin
North Am 1997;41:529–40.

22. Kuttler Y. Microscopic investigation of root apexes. J Am Dent Assoc 1955;50:
544–52.

23. de Pablo OV, Estevez R, Peix Sanchez M, Heilborn C, Cohenca N. Root anatomy and
canal configuration of the permanent mandibular first molar: a systematic review.
J Endod 2010;36:1919–31.

24. Wu MK, Barkis D, Roris A, Wesselink PR. Does the first file to bind correspond to the
diameter of the canal in the apical region? Int Endod J 2002;35:264–7.

25. De-Deus G, Barino B, Zamolyi RQ, et al. Suboptimal debridement quality produced
by the single-file F2 Protaper technique in oval-shaped canals. J Endod 2010;36:
1897–900.

26. Paque F, Balmer M, Attin T, Peters OA. Preparation of oval-shaped root canals in
mandibular molars using nickel-titanium rotary instruments: a micro-computed
tomography study. J Endod 2010;36:703–7.

27. Endal U, Shen Y, Knut A, Gao Y, Haapasalo M. A high-resolution computed tomo-
graphic study of changes in root canal isthmus area by instrumentation and root
filling. J Endod 2011;37:223–7.

28. Peters OA, Peters CI, Schonenberger K, Barbakow F. ProTaper rotary root canal
preparation: effects of canal anatomy on final shape analysed by micro CT. Int Endod
J 2003;36:86–92.

29. Fornari VJ, Silva-Sousa YT, Vanni JR, Pecora JD, Versiani MA, Sousa-
Neto MD. Histological evaluation of the effectiveness of increased apical
enlargement for cleaning the apical third of curved canals. Int Endod J
2010;43:988–94.
JOE — Volume -, Number -, - 2011



Basic Research—Technology

30. Susin L, Liu Y, Yoon JC, et al. Canal and isthmus debridement efficacies of two irri-

gant agitation techniques in a closed system. Int Endod J 2010;43:1077–90.
31. Adcock JM, Sidow SJ, Looney SW, et al. Histologic evaluation of canal and isthmus

debridement efficacies of two different irrigant delivery techniques in a closed
system. J Endod 2011;37:544–8.

32. Shuping GB, Orstavik D, Sigurdsson A, Trope M. Reduction of intracanal bacteria
using nickel-titanium rotary instrumentation and various medications. J Endod
2000;26:751–5.

33. Gu LS, Wei X, Ling JQ, Huang XY. A microcomputed tomographic study of canal isth-
muses in the mesial root of mandibular first molars in a Chinese population.
J Endod 2009;35:353–6.
JOE — Volume -, Number -, - 2011 M
34. von Arx T, Steiner RG, Tay FR. Apical surgery: endoscopic findings at the
resection level of 168 consecutively treated roots. Int Endod J 2011;44:
290–302.

35. Carr GB, Schwartz RS, Schaudinn C, Gorur A, Costerton JW. Ultrastructural exami-
nation of failed molar retreatment with secondary apical periodontitis: an examina-
tion of endodontic biofilms in an endodontic retreatment failure. J Endod 2009;35:
1303–9.

36. Nair PN, Henry S, Cano V, Vera J. Microbial status of apical root canal system of
human mandibular first molars with primary apical periodontitis after ‘‘one-visit’’
endodontic treatment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;
99:231–52.
icro-CT Study of Internal Anatomy of Mesial Root Canals of Mandibular Molars 5


	 Micro–Computed Tomography Study of the Internal Anatomy of Mesial Root Canals of Mandibular Molars
	 Materials and Methods
	 Results
	 Discussion
	 Acknowledgments
	 References


